The present report furnishes experimental confirmation of the first paper of this series (1), which gave a theory for the ionic distribution in the steady state of a system of a type that may well occur in biology (cf. Fig. 1) .
The theory leads to the following alternative expressions for the distribution of the passive ions:
(a) In terms of the final electrical (diffusion) potential 9, for univalent ions,
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whereM +,B~-,and + -M o, Bo, denote concentration inside and outside respectively, F is the Faraday, R is the gas constant, and T the absolute temperature. When ~r is expressed in miLlivolts, F/RT is equal to 1/58 (at 18°C.). 4 . DA is by some means (by addition or production) steadily supplied inside (i). The concentrations of the electrolytes outside (o) are kept constant. An electrical potential arises across the boundary (membrane). This causes an inward migration of M + and an outward migration of B-. Finally the concentration gradients have become sufficiently large to balance the electrical gradient and the system approaches a steady state. Thus the M ions became accumulated and the B ions diminished in amount inside.
The scale used in this figure corresponds very closely with the conditions of Experiment 1 (see Table I ).
(b) In terms of known concentrations the distribution can be explicitly calculated from the following transcendental equation
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Here up and v a denote the mobility of the D + and A-ions in the diffusion layer.
It should be noticed that (D + -t-~M +) is equal to the total concentration of the electrolytes. Furthermore, the fact was brought forward, as is evident from Equations 
Earlier Experiments
The phenomenon of accumulation and impoverishment of certain ions in a system where a steady diffusion takes place is related to a great many experimental observations. These are described in the literature as "Diffusion gegen das Konzentrationgefiille" by Behn (2) in 1897; "Diffusion retrograde" by Thovert (3) in 1902; "Counterdiffusion" by Osborne and Jackson (4) in 1914; and Walpole (5) in 1915, etc. These workers simply placed two solutions on top of one another, one containlng the diffusion agent, both having another electrolyte in common. After an arbitrary time two or more parts of the diffusion column were analyzed. In general a redistribution of all ions could be observed. Apparently there was no possibility of obtaining any steady state with these conditions. The effects shown ought correctly to be classified as "temporary diffusion effects" (see (1) p. 155) and were in most cases rather small. In the best cases the differences of passive ion concentration amounted to from 15 to 20 per cent. Some experiments with condi-tions corresponding to the theory outlined above and of the same type as will be reported here, were carried out some years ago by Straub (6) . He observed an accumulation of cations and a simultaneous impoverishment of anions in a clay cylinder, inside of which acid was supplied. Straub failed, however, to offer any satisfactory discussion of what he called the "Harmonie-EinsteUung" of the ions, nor did his data seem to be suitable for any treatment in regard to the theory now accessible.
This subject is also related to the numerous cases of "accelerated or retarded diffusion" of electrolytes reported, for instance by McBain and Dawson (7) (c.f.
also reference (8)). This is quite natural, because the theoretical considerations here advanced are founded on the basis of Nerust's (9) classical kinetical theory for electrolyte diffusion. Summarizing the previously published works, it may be said, that there were no experiments available for use as a test for the theory proposed for a steady state.
EXPERIMENTAL PROCEDURE
In principle the set up was that sketched in Fig. l : a small "inside volume," 10-30 cc., was separated from a large "outside" volume (0.5-1.5 liters) by a porous convection-proof membrane, m. Both solutions were kept homogeneous up to the membrane by stirring. In (i) the diffusing agent was continuously supplied either in the form of a slow stream of a concentrated solution (HCIO4), or by addition of the agent in a solid form so as to maintain a saturated solution (KIO3).
Apparatus.--The apparatus used has been described in another paper (I0). The supply of the concentrated diffusing agent in Experiment I, HCIO4, was regulated by varying the level of a Mariotte's vessel, which, through a flexible tube ending in a long capillary jet, was in communication with the inside solution. Only one membrane was employed, consisting of four superimposed layers of cellophane 600 (Du Pont Company), in wet condition of a total thickness of 0.28 mmo With one or two layers the results showed great divergences from the theoretically expected. This circumstance is to be ascribed to the influence of "unstirred layers" adhering to the membrane surfaces. These extra diffusion layers are not convection-proof. By means of a special method their thickness is estimated to be approximately 0.03 nan. The cellophane may have a slight influence upon the mobilities of the ions here investigated, which, however, will be accounted for when comparing the results with the theory.
Ckoice of Electrolytes.--This was dictated partly by a desire to produce pronounced distribution differences, partly by attention to available analytical methods. Therefore, the first experiment to be reported was carried out with an acid as a diffusing agent and with NH4CI as source of the passive ions (uH/Vclo, being large (of. p. 110), H4N and CI are easily determined). In the second experiment a neutral salt, K-iodate, was used as a diffusing agent, because the iodate ions have a rather low mobility compared with K (UK = 65, riO, ~ 33). Hydrochloric acid furnished the passive ions.
Analyses.--The analyses were performed with micro methods. The samples taken had a volume ranging from 0.05 to 1 cc. depending upon the circumstances. H was determined by titration with 0.01 1~ NaOH using methyl red as indicator. C1 was determined electrometrically after the acidity titration, employing 0.005 N AgNO8 and sulfuric acid. NH4 was analyzed iodometrically with 0.05 NaBrO and 0.01 N Na2S~Os according to (13) . IOa was titrated as I2 with thiosulfate after addition of KI and acid. Other concentrations were calculated by difference. All pipettes, burettes, and solutions were calibrated against standard solutions. No analytical error is likely to exceed + 2 per cent. Potential Measurements.--The potential measurements were performed by means of calomel electrodes, as described elsewhere (11) . Supplementary meas-urements were made with Ag/AgC1 electrodes prepared according to Brown (14) . The electrodes were connected either to a push pull vacuum tube voltmeter, or to a Leeds-Northrup Type K potentiometer. The potential figures are regarded as accurate to + 0.5 Inv. t Calculated values. The decrease in KIO~ concentration after 6 hrs. was probably due to a fall of the room temperature, hence decrease of solubility.
§ Sign outside.
The pH and C1 activity measurements were made by means of a glass electrode (type MacInnes and Dole) (18) , and aAg/AgC1 electrode (Brown (14)) respectively, using a saturated calomel electrode as reference. A Compton electrometer served as zero instrument.
RESULTS AND DISCUSSION
In Tables I and II Experiment/.--This was designed to fulfill, as completcly as possible, the main assumptions on which the theory was based: (a) Uni-ul~valent elcctrolytes being present only, all known as strong and free from complicating phenomena; (b) no migration of water across the convection-proof boundary. Perchloric add served as diffusing agent and the passive ions were H~N and CI. The HCIO4 concentration in the small insidc chamber was maintained at about 1/10 molarity by means of an external supply. The experiment was started with equal concentration of H4N and Cl ions inside and outside. During the following time, however, one could observe that the H4N ions movcd inwards and, simultaneously, Cl ions moved outwards. Finally a steady state was approached inside, resulting in a 2.13 fold accumulation of H4N and a Cl impoverishment of almost the same magnitude. Fig. 2 corresponds vcry closely-with the conditions of this experiment. No appreciable water migration could be detected.
The expcrimcntal results will now be compared with a theory:
The theoretical distribution ratio 
In the experiment the membrane potential 7r, was + 20.2 my., hence, the distribution ratio is Corrections for Activity Changes.--All discussions so far have been carried out on the supposition that the activity coefficients, % were all 1.00. Of course, this is not true when dealing with rather concentrated solutions as is the case in these experiments. Perhaps it may be somewhat meaningless to attempt any adjustments of the experimental results with regard to the activities, because the activity concept was not employed in the theory to be tested. Nevertheless, it may be interesting to introduce some activity corrections. Although, the procedure to be used is only approximate, one should get an idea as to the direction in which the results are influenced by the interionic forces.
The observed distribution ratios obtained from concentration figures may be transformed into ratios between activities by multiplying through with appropriate coefficients. Attention will be paid only to the HaN distribution. The I-I,N ions were paired on both sides of the membrane with chloride or perchlorate. It seems justifiable to assume that the mean activity coefficients of the two salts are rather similar to those of KC1. Secondly, the usual supposition is made, 1 u/v for free water is 315/64 4.94, hence the relative cation mobility is about 50 per cent higher in ceUophane. For several chlorides the corresponding increase was determined as about 40 per cent (Teorell (11)). A similar relation was observed also for KIOs (see footnote 4). Experiment 2.--The experimental conditions were not quite ideal, because certain ionic interactions took place, and water migration also occurred. These factors were not considered in the theory. Therefore, this experiment is an interesting one, giving some information as to the sensitiveness of the proposed theory towards new factors. The diffusing agent was potassium iodate, being in a saturated solutioa inside and kept in contact with an excess of KIO~ crystals. The passive ions were formed from hydrochloric acid, at the beginning of the experiment being present on the outside only. During the course of the experiment the ionic concentration outside remained practically constant because of its large volume and repeated renewals. In the inside chamber, however, a redistribution of the electrolytes was developed resulting in a steady state. Here, the passive cations, in this case the H ions, were accumulated.'-The passive anions, the C1 anions, in the final steady state attained a considerably lower concentration inside than outside (Table II) .
Qualitatively the observed diffusion effect upon the ionic distribution is in agreement with the theory. With the direction the diffusion potential has, the negative sign being inside, an accumulation of passive cations and impoverishment of anions is to be expected, and was also found. As to the quantitative relations this experiment, at first, seems to show some discrepancies between theory and observations. However, when due attention is paid to certain interfering circumstances, the results also appear to agree quantitatively in a satisfactory manner with the theory. For this purpose the following discussion is given. First, in Table II it will be noticed that the final distribution ratio HI/Ho is as high as 5.98; the ratio Clo/CI~, however, is much lower, 1.84. The H figures were determined by titration, accordingly all hydrogen ions, both free and bound, were included. It is well known that I08 ions can form H(I08),, bi-iodate, in acid solution, thus binding hydrogen ions. Unfortunately, pH measurements were not performed during the actual run, but afterwards "artificial" inside and outside solutions were made up to correspond with the analytical figures recorded in Table II at 9 hours) In these solutions pH and aci were determined by means of the glass electrode and AgC1 eIectrode respectively. The results are summarized in Tables III and IV . It can be seen that the H ion activity inside is considerably lower than the total H concentration, as pointed out, probably due to formation of bi-iodate ions. From these measurements the ionic distribution ratios, expressed in activity figures, will be found as q, referring to free water or to cellophane. Secondly, when dealing with a rather concentrated salt solution (saturated KIOs), some kind of correction for activity changes may be demanded. Based on concentration figures given for 9 hours in Table II it is found that 3 These "artificial" solutions were made: inside, 5 I. The agreement between observed and calculated ~ values is, on the whole, quite satisfactory in both the experiments, if proper attention is paid to activity conditions. ~ as calculated from the transcendental 4 Calculated value from ug/vio, determined from diffusion potential across cellophane of 0.1 -0.01 N KIOa according to (11) . This value was found to be 3.08 (in free water 65/33 ffi 1.98).
Equations 2 or 4, using the ionic mobilities for free water, yields the best agreement.
2. If the mobility relations as determined for cellophane are used in the theoretical calculations, much higher ~ values than those actually observed would be expected in the KIO8 experiment. In the HCIO4 experiment it is hard to point out any significant difference as to the outcome of different choice of mobility relations. Hence, it appears that it would be better to assume a validity of free water ionic mobilifies, in spite of the fact that the diffusion effects occurred across cellophane. Such a conclusion also follows from the views expressed by the author, that the cellophane mobility figures as determined are only apparent values. The reason is to be sought in interference from the membrane itself (Teorell (12) ).
3. The theoretically expected $ values when calculated from the measured diffusion potential are of the same magnitudes as the observed figures corrected for activity. The latter are only 14 and 9 per cent lower than the former, in Experiments 1 and 2 respectively; these differences may very likely arise from small, unavoidable liquid junction potentials at the calomel electrodes. This fact seems to offer an ample confirmation of one consequence of the theory, namely, that the distribution of the passive ions is completely determined by the observed diffusion or membrane potential according to the simple Equation l, or log ~ -----0.1983 T (1) (x --millivolts; T --absolute temperature.)
In regard to the thermodynamical interpretation of this equation we may refer to the first paper in this series (1), paragraphs IVb and c. 4. The agreement between experiment and theory according to Equation 1 is of a profound and essential significance. This shows that the water migration does not have any appreciable influence upon the expected ionic distribution, although amounting to about 40 per cent as volume increase inside in Experiment 2. Furthermore, the high values as calculated from cellophane mobilities in Experiment 2 can be ruled out as being improbable, because such figures would correspond to a value of the diffusion potential much higher than that actually observed. This point offers additional evidence for the views expressed under paragraph 2 above.
5. Still, there are some other points which can be advanced giving beautiful confirmation of the proposed theory. In the theoretical paper (1), in paragraph IVc it was remarked: "... As the diffusion potential ~ is equal to the expression for the electrode potential for any passive ion, a concentration chain consisting of reversible electrodes for such an ion species placed in the solutions (o) and (i) should give no current,..."
In Experiment 1 the actual "concentration chain potential" with AgC1 electrodes, reversible in regard to the passive chloride ions, was measured from -0.8 to -1.2 my. The theoretical value should be -~ 0 my., accordingly the result is not far outside the experimental limit of error. At the same time ~r was about + 21 Inv. (d. Table I ).
In Experiment 2 the same thing can be shown somewhat more indirectly. Here reversible electrodes for both the passive ion species were available, the glass electrode for the H ions, and the AgC1 electrode for the C1 ions. The "electrode potentials" for these two ion species are simply found as differences between the potential values recorded in Tables III and IV, It is noticed that the figure for the diffusion potential is almost equal to the figures for the practically identical electrode potentials. As it carries opposite sign, the resulting concentration chain potentials, being the sum of both (diffusion potential + electrode potential), also in this case, will not be far from zero.
SUMMARY
The aim of this paper is to present confirmation of the theory of the diffusion effect. By diffusion effect is understood a redistribution of the ions in a system where a continuous diffusion of one elcctrolyte is going on, which results in a steady state showing accumulation and impoverishmcnt of certain ions.
Some typical experiments are recorded and discussed. The results are found in satisfactory agreement with the theory: this can be demonstrated in several ways.
The importance of considering activity changes is pointed out. Water migration and the diffusion membrane probably have no appreciable influence upon the diffusion effect under the conditions of these experiments.
The diffusion effect may have biological analogies.
